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(54) METHOD FOR CELL-FREE PROTEIN COMPLETE POST-TRANSLATIONAL MODIFICATION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a protein necessary for 
completely post-transitional modification having therapeutic, research and 
industrial values by a cell-free completely post-transltional modified protein 
synthesis not by a cell culture method. 

SOLUTION: This method for producing the completely post-transltional modified 
protein is characterized in that, in a method for producing a completely post- 
transltional modified protein, the method is passed through a coupled cell- free 
completely post-transltional modified protein synthesis comprising (a) a process 
for adding a DNA or RNA having genetic information on the objective protein to a 
cell extract, (b) a process for adding a nucleic acid to the cell extract and (c) 
process for adding endoplasmic reticulum (ER)/Golgi apparatus or endoplasmic 
reticulum/Golgi apparatus/plasma membrane or post-transltional modified machinery 
such as other organelle besides them in an amount sufficient to stimulate the 
production of the completely post-transltional modified protein to the extract. 
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(54) fti«effitSafi(^^«9;%»»:«r& 



(57) [Sii^j} mjEm) ■ 

:^(Ctet,»T> (a) Sfi^Se«OjiGtt^?rf#oDN 
A. X«RNA€:«lJISJlliHiWCgRJn-r^>XS> (b)^ 
ffiJ€r±tB«ltH!85tcaS*n-rSXg. RCX ( c ) ^^SSf?« 

(ER) /^}\''^W'^wmw/di}\'i:>^/mmm. m. 



1 

1 ] %±m^^mm^mm ( c o m p i e t 

ely post-transltional mod 
ified protein) ^^■ri>tcli>(Oys-^(^ 

*iti-c. (a) awsas©jEeitfe^MoDNA (,d 

NA template) *«BJSflia«IfC^fln-r 4X 

ih) mm i^^i-^ kh >^m. ; r i b 

onucleotide triphosphate 

s) *±ia}fim^{c^JD-r^is. (c) 

^ (ER) (G 0 1 g i apparatu 

s ) X«''Maf*/='-'l't^<*/i!i«a)!i (plasma m 
embrane). *.5l>«cn6tcm-rfft<DiffllK/jN 
SW(organel Is) ©J: ^^cS}l'?^^ft«5•^'>- 
:^l;-(machinery) ?:±iefflHltJK^JjnT-5 

(coupled cell-free comple 
tely post-transltional mo 
dified protein synthesi 

s) > 3Efc» (a- ) swse®©setf«%^-^RN 

A?rifflj5a«m!^fcas}]n-r5Xfi« fcio- (b* ) 

ft (ER) /d-;Ui^«:X(3:/hflaft/=f;l'i^ft/iliBaM. 

^^-^U—tV— (machinery) ^HitSitii^ 

&^afS& (uncoupled cell-free 
completely post — transit! 
onal modified protein syn 

thesis) =s:mm-ri>ct^imfri>^±mw!M 

tii^^UMTi>tclbm9SM (cell source) 

[iS*3B4 ] ±iasa®*5E P 0-C*« C 

llffiRiyf/X{*^«L.fc«t«l«J (cultured ce 
11 1 i n e s) *i6ttai3nfcfcO-C*-5C<!:4^ 

JgU-^jKDlfiJiSOVXliliJ^ ^ Klti^ ( p o 
ols of sugar nucleotides) 



C2) m2 00 2-2 3 8 59 5 
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[f§j}t* 8 ] m^m 1 - 8 (D\.>-rntft i JBtciBiK©:^ 

[000 1 ] 

(cell-free protein synthe 
sis) tmim^±^^-ik\m ( c e l l - f r e e 
completely post-translti 
onal modification) i^^-^t)ii:tc 
%±Wm^Bmmiem (completely pos 
t-transltional modified p 
r o t e i n ) ©*M:^^tCMT 3Sfc. 

S/SSBW?:. JfflBH^fti* (cell c u 1 u r e 

20 m e t o o d ) rtj^c < > msss^±msi^ismsB^ 

^oM^ (cell-free completely? 
ost-transltional modified 
proteinsynthesis) "C^ST'STjft 

(ma c h i n e r y ) ^^timmfStiimt^ , 

.[0 00 2] m.mS,fJ:t'X'^m$ini>0'< ©SSHti. 
30 rS^®/cJit>tC. iBIW^fln (glycosylatio 
n ) V 0 ^Sf^fc (phosphorylation). 
T 5 K<b ( a m i d a s i o n ) ^ci'<DiaiRf*f^l$*S 

©SaSW> /J^'flSft (endoplasmic ret 
iculum(ER)). ( G o 1 g i a p 

p a r a t u s ) *J<tc;^iNBiaig-C«fi£3n/c^ii^^ 
(secretory process) ^JBIiffliC. 

50 [000 3] mm^ms&mit. s&mimmri>T s 



(3) 

ym(D—m(or X ^ ^• V > (A s n :><D{mkicmiKtm < 

( "Ty^^^^'¥>—1^'aM" (asparagine — 
linked), ttcit "N -M^^" ( N - 1 ink 

e d ) ) mmuat . -te ') u:i-^><Dmmi<cmm 

ifi't^< ( "0-*S^M" (0-1 inked) ) 

jStJ. — (high-mannos.e t 

y P e ) . (hybird-type ),*i.*:0'1t 10 

(complex - type) ic^lrt hti?>, 

&<Dmn(o=L:^y hit. mmtfcit-m^. zomi><o 
[0004] mmnt. N-t^-^mmmmt. 

*S!B^L/fc:*-'J=f«iSI5^^R£iv :5-0/Miaf* (ER) 
^(O^M^-V-^y'^ Kift-^©— »Ie& ( t r a n s f 
eren b 1 o c ) i i ^>tcJ&S-2>. A s 

n> -iSa:e«I«:«As n-X-S e r/Th e©h y'^':^ 20 

SCD^BrSlC ( t r i mm ing reaction) 
». ERF'3K*-5>x + yy;3i^5''— fe* (exo g 1 y 
c o s i d a s e) iCj:-j-CM.m^tii>. Pf?LS©*fflfla 

J; s N - js^M^ =m<D-A<o!imit. =f;i'-:^(*©iE. 

ifij \-'7Zy7.y x.v—^ (grycosy-ltr 

ansferase) CDi^--5^>X(cMJS5 n/dSlt. 

[000 5} CCDJ; -5 Slf??*f*«S 

40 

[000 6] mmm^&m^mit. m^mm ( h o s 

t cell) ^<Dm^(Dmm<Dtcli>lC^i^\^ 

i n vivo) V-^m-c^tti^^mBS^. iSil© 
(^('('>fbci;in vitro) -Cite^^gJ-y- 

{C. 2 0a©3^«ST5>'K«:Jjnit. $*S'*^C^fiSET 

JSft^WtcSSS^-St&rtCCffi^jitf C (No 
ren C.J. et al.. Science 
244: 182-188 (1989) ). 3 ^(C, 50 



it^ 2 0 0 2 - 2 3 8 5 9 5 
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cfc«)((Kim. D. M. et al. . Eur. J. 
Biochem. 2 3 9:881-886(199 
6):Kigawa, T. et al. . FEES L 

ett. 442: 15-19 (1999))„ -^(Ofc 

ti^^io -o^iK). nimmv<Dim.mBm<D^mrci> 
[0 00 7 ] se-oT. ctxh<Dmwm'^^9.^m.mm 

W (o r g an e 1 1 s) ^ttlitSCitcJrO. SIRIS 
^fpaSM (co-tranlationally 
modified p r o t e i n ) i > JD^ISPBOia 
f?^|gfiS^aM (initial post - t ran 
lationally modified prote 

in) i^^-r-sfctocDiK o*»cD:^*sBai6$n 

or. ffiliRlnlB^ilSP (co-translationa 
1 modification) £^f*f ^©t&SiEL'I^ 

t?I<tOr. *B!Rfl^ll6, 1 0 3, 4 8 9-^«. IffllRf^ 
—A (rough microsome) iKSJffliao 
•5. Ci^PHjj^ brio's. 4>^l-:)CD:J7ffirii. EROJ; 

i^*i6©— ©Pg«aitJ:<fc?)SHSSSnfc (H i r o s h 
i,T. .et al., J.Bioeng. 5: 

508-513(2000)), 
[000 8 ] *ffl8ai^r». M^ift^CD/ca?). 15- < 

aSI©^!B9^fl<J-&^ti: W> E R t Pf «tl 4 «fflla/J^s•g© 

sn^s. cn». -en6«a'C^^i»r*5ER©)s?:is 

M-?'l5J»3ISP§©fffliRf^et9ie®©/ci6©7 -b 

iSStjUSfS (fificSSf& : t r a n 1 oca 
tional machinery) ^S^It^-ftS 
■S. $/c> Jlg^e©h5i<Pi^-©^-?'N-*S^S!tp'C^ 
itilfl'flttSiS (core glycosylatio 

n) tcaffiwtc^iffl^n-r&fc. LJiPt./. cn6T«^ 

^^jrstiiSMttl^c i'^^£f^^^i:iS!f;f*^$i(l'gaK©^ig 

tifcsaHf*. ^^i^c«iji«:j^-5-cc»>ii,^©'c. gaa 



5 

•5. 

[0 0 0 9 ] — fca--^>y-^A:?"a$;'3:e7 h (H lo 

uman Genome Projec 
itG^^H (genome map) 

^mfh&SMU^ (bioinformatics) 
[0010] 

IxtC:"^. fie*«?$B©Ppm-^,?:»9iT2)/c«)(C. J: Oil 40 
iy^iR^#»+ 3- h ( k i t ) & H^Wkt^C iCC* 

[001 n *»Bj©iteNBiiasa«^i^». saw© 
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^^fe©is*>ns. 

[0012] 

[i|gi?:fl?9i-r-2./c«i)©#K] c©±5»fj:ae<)^^©/£: 

a^-aJ^K'S (coupled cell-free c 
omplete lypost-trans 1 t i ona 
1 modified protein synthe 

sis) yLmm^mm%±mvimmwB'^^^ 

(uncoupled cell-free comp 
letely post-transitional 
modified protein synthesi 

s) ^ss-rsci^i^i-rs. %±'m^m^mm& 
im^±mwm^m^^W'^^mt. uto (a) - 

(a) SWMa«©3tG1tffi*ft-^DNA (DNA t 
e m p 1 a t e ) ^MimmBKmmt hlM. ( b ) 
mSL (yH<5?^U:i-?- K=y>B!«: r l b on u c l 
eotidetr iphosphates) ?:±i5}fitii 
i^K;^Jnt--2.Ig> *JJ:U>' (c) ^^l^f?f^<ft|!5SBS 
©$Slit*$iM-r-5.©t£:+d5>>^tfi©. /jNfiaft (ER) /=f 
;Ui?ft (Golgi apparatus) 
/rS)WW/MMM. (plasma membran 
e) . *-&lH3:cn6Kijn^t:f6©*fflJia/hSW (org 
ane 1 1 s) 0<fc^i3a:^f?^6j^«p-^V-^'J- (ma 
c h i n e r y ) €:±iBaffi^tC|3$»n-r5I^. ^ 6 
tc, *|6Hjo[)^^#S^^ffljia^^Slf?f^|S«|i5a»^jiS;a 
lilT© (a' ) - (b' ) JLWf^hUi, : 

(a* ) @&!j5ia®©jifitt?s*j#^RNA'&aBiiaaai 

®©si3i^:$iM-rs©tc+^^cfi©, /hsaft (er) / 

>J- (machinery) *±iafflffl®tC^JJDT5X 
[0013] 1Str:)iP<DWm^'jlL^t1ri>m.i:>WktmfR 

[0014] «Biiart©sas©ig«gf=«)asiB€:Si'^-c* 
MNsa* (ER) i^rigc^>. oso. ffi^e®. SA. 

a«3fcJ:0'«f?L;S©Mlia*S; ERrt-C.' N-l|ig^S:ty 
=i«©«te«:^*W-^iT(,>S. 0*0. /MIS*?£W*ii 

3ibfcliSaH©!6fift^«. «i^<i:'I5D•C*^)Wn 

i'*>. /jMia<*-c©s]»ii^fiffjraJSc&/cw*^6fiSsiiMa 
®». a«©se««isas?©#i4*&$osi!ft-c*^ci» 



[0015] 'pm<Dmm&<Dmmu. ^r^mimmm 

-mmMliU^lt (.0-8 lycosyl at i on) 

(N-glycosylation) tCj^:>Si3nS> 
A s n-X-S e r/Th r ©»M ( t emp 1 a t 
e) iS^HL/Tl^^cl*. N-M»Sll#JnjSF&<!:©S?.^c 

taMtt> ftj^tt. ibrStt ( s P e.c i f i c a c 

t i V i t y) . mm&. micj:i>mm.<tic^'ri,m 
aK^-^©fcfetc. fccto', ge^i 

[0016] :*:^s^ti> ^^^C«3t©lii«*5^fln3n/c 
n vitro glycosylation) ©38^ 

[0017] 

[^?^©^ifi©?f5SS] m^Wm (prokaryote 

s) «. fiiRis<gtiP*s:xsu-cc^^35ie.. ^^m<Dmm 
ifflBas*©Mi!ffl)!asew4mR-r)&ttntf^c6JSt^ ^ 
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m-mmi^-^mms&m^m^ < c o u p i e d c 

ell-free protein synthesi 
sicoupled transcript ion/t 
ranslation system) ifi^< i^^'J^y 

(RRL) €:ffll»Tgaie3n;fc (im^PFmb. 3 2 
4. 637 #), c©J:^ tcig:? i jfflf?*sigiSe«j{cig^ 

^SnrSC^li-^. o3;f5^:?SrE:-CDNA*i6mR 
NA«r$SjiL. C®mRNA*^iStL/-r. SBfflOSIHS 

. j£:-CmRNA55>6Sia»*^*TSM*iiasaS^^a 

- ism^m-^ims^Bn^mi" (unco 

upled cell-free protein s 
ynthesis;cell — free transl 

at ion system) iti^c 

[0018] ±aiUfcj:^>tc. jmmc»<D^uait. % 

;Ui?fr©J: ^ ^cSaHiHimftDSlB (terminal 
glycosylation) §: (i D i* i f -Sf^SaSIR 
^^^^tiS«:Ma|■r■5.v'>-:^1;-©^)^©i^c^^>■f&^.. «si 

iNMSisas^ssi&ti^tc. m^msL^ (sign 

al recognition particle), 
E R . ^f^Ui^i*. M0Wg^%&tfS}|(?m<i0l> V :^ 

•J -«rasj!in-rs i . ^^g;«<t«>sas©*«*srsii 

seH©'('>t^**fejs©f<tSi or©MfflBasaH^s 
©r&2>. 

[0019] imm'&&^^ioicit<ommib\imsm 
mmmt aiRt^^»t$©/c*©fflsaf*gjs^^fft tb^sssffl 

«-j^-r-&Js^(c«>. sas££ffi}Aai^<bsigR^4^«ii> 

40 T4><fc:l/»o 

[0 02 0] mmik^m-7u-t o -it. mmam^m 

Slyfc^MffllS (culturedcell line 
s ) e. ^ C i A5-C t -5. . aSftiflraSlo©*!^ , 

mKimm.sx:Mmm<D^m^mm. s -t* /cj*^ . ru 

/X»®il(f^#Sie-Cli^-^« (suge r-dono 
r ) ©t9:SB4"r-2)S-^ (suger-nucleo 
tides) «^i*©S*iifln31*4fc»JC{J. 
X^^i^tCio-CiMBBaj® (c e 1 1 source) 

50 mri>^9fcmn<D^^^t^m (^^) 



9 • 

[ 0 0 2 1 ; mmmmBms^mic^i-fi>msmiii'mi: 

0SisM^W^ (rabbit reticulocyt 

e 1 y s a t e : RRL) (oniyi.mm:miiimmm 1 

tJCCHiS S n/c t ^ 5 C ^ 5 fj: ffliaW -7 i/ - U - ^^MT 
ifc^ic^ 9^1'^'^-X/^A;J^^-lB^Ba (Chin 
ese hamster ovary cell;CH 

0 0 e 1 1 ) 3&»^ilfflBart3*li5S?^i^ ( c r u d e ho lO 

m o g e n a t e ) =^smri>mLi^mM-^mmnM 

m#i83ifeH^4:^*^5./MS<* (ER> . =f;l'S^f*. $ 

1 o'HiffiM 5 k: § ^ 1 Big ? n t: I, ^ i „ 

[002 2 3 li^iC J; oT. 2js:il|g<Dfe^-S3f?*g^il 

osyl transferase), W^&WM ( e 1 
ycosidase) *J JcCRBtB^S^ ( t r a n s g 20 

lycos i d a s e > tj: ^•(ommm^w.mmmm^c 
#■50. mim^iciyT)\^m(oiimiAmati>i3:^, - 30 

[002 3 } *^BJ»> Eliffl, mmfflSi>'P?!£ffl^e 

5r-7*ia>. bo>7j<s}<ig^> (j(ii/jN«iS^^ ; t 
hrombopoi etin) > W^y'^:^ 5 yfl^7 
^ (tissue plasminogen 

activator), t ^^b*^^'0-:^;^{a^* (h 
umanized monoclonal antib 
ody) nci'©geH*«-r'^-C$$n5o S/c> 2f:»Hj 40 



1$Ba2 00 2-2 38 59 5 

10 . 

^ •& C i Ai^^C^MST- •£ , 

[0024] *^B^(D— :5©SliS^-C«. E P Oifi% 
[0 02 5 ) EPO{i. 1S14»Mg^«L^»Dii)<tir^.^ 

rfeSfflE po«sijigj*ijatg«-c^snTi».5. 

[ 0,0 2 6 } raiR:^^iESP*i^ASnfc«3f -fflfRlB-^iSl 

mmmmmmm's&m^mic j: s e p o ©^nt*. * 

S«:j;5EPOO^ii». ^W7{C|*L<IBl8SnT 

1^-5. 3p.fc> siRftfftJi*i^A$nfc«Rifijiasiif?f«« 
i!isse«ije!*t^«6«> ( > e h CI ) nf^jjDSJS^ie 

^l^/t7^rafCj;^,EPO©^«. lllifeW8fcSfL<iB 
.[0 02 7] 

[0 02 8) mmmi 

»r L l^HfflJ^WiSi^ i S^l^tciSJS-r S J: 5 CC *5) 2 iSF^^ 
Wt/c>t;-9-+'tC. 3BM. «jfilil^J©l. 2 5% (w 
/v) TH25^;l'7i-;l'fc K^i^>.(APH) . 4-5 
ml^^O<CJfK:aSfL//c, 1. 2 5%(w/v)©A 
PH©Rf»7KSjffi»v J)Pia«^«-C!|l<i$n. *©t*- 

2 0 -cr-sssn^^c, -iJ-y-^'tta^i ot;^^s>*-;L' 

©8B@{cSjfil$nfc (««©APHa*f©5Bf*'i7lt' 
=f*>6gRjfilL//c) . 0. 5 m 1 ©b7V;UA (Hy p n 

0 r m) *5;^EijKKaW$n/c, br^y;UA*5-H5am 

>^i^i^BlS (the big marginal ve 

1 n) timmtiti.'y^^. ^-hmhti. ^^-ivy^z. 
0 0 0#a#tf*A:/'if;U (Nembutal) tfcit 
V-i3H}l (Sagatal)*. 2-2. 5ml. a*f 



. an.- 
^9 5% (v/v) x^fy-Jl/rj>/cL/dI> ^^1^* 
Otc. ( r i b c a g e ) Ai-\"$^K.m^$tlfdm. 

p/c$n, C©jfllvS?r3 0 - 5 Om K S-^^^^^i^U 
3>5''N'-^fc»5'-Y=J'> (Tygon) ^*-:7'<Do ■ 

E*^6¥i^f 10 0ml (DJfll}S*5f#6n/c, 

[0029] f#e>nfcjfD.?s*^6*j&i'©:T;)W!^*»*r 

L/C, cn«r2. 0 0 0 r pm-C 1 0:S-raa'C^:9-ttL/r 
j5Tjfll^5rI51iRL'/c. 0ilXSn/c9!pJfiliE3«5: 5 mM©:/ K't? 
li*s$Snt:(,>-5^«fM (5. 5mMCDi^K:^7y?A. 
2 5 mM© h y - WK. 13 7 mM©«'^t:^ by-? 
A. 0. 28mMONa2 HPO4 • 12H2 O. 1 m 
M©ig^ US^T 5 >E3i^K (EDTA) , lmM(Diy^ 

(DTT) ) -CWSiSS-fS-fc. en** 20 
tc2. 0 0 0 r p m-C 1 0 ^aa'C^:a■i§^L//c^^?t?:^ 

oSO. ^g|J-C4@©<Sj£leI3t-C4>^. S^OSfei^tS. 

K:?i^or«iia%K»L/. t5-e[«giR*io. 000 

rpm(if*J15. OOOg). 2 'Cf 2 0 

l//c. ±M?::^'<ci>^ (5 3 urn. Nitext^^) 30 

[0030] C©B#^6n/cfSvjflLgclgj^».. 239^ 

N A S /t&tcm R N A OrStt€:®!RS«J«C 

0 w 1 ©;g«*fcO 1 m 1 <D^ 5>8m1. lOmg/ 40 
m 1 ©i' UT9!->^^:^— fe'4 y K IZbmMOikitiJ 
y-i/AS. 2u 1 . feJciy^l 5. OOOun i t s/m 
10r)5i'P3-^*XJ?i'yT--fe' 1 6 M 1 ^r^JjnOTj: 
<il-^L/cllt> 2 0-CT3 0^raJSJ[&L./Co Si'na'y 
:?? y T--«2'©J5f6t**-'l'i^'> A >^!£>Sif 

^x9^;Uji— — N, N' — Hi^M<EGTA) 

8. 8y 1 4min]i/-csjS«f?±o/c. c:©^»iK)8 

5m l©®^/j:-S^S(C^5-lte>n/c. C©«g?gBBltg 50 
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ncRg«3.mjS(cf^-^>T/cs?>. ?S(*a*f^rasg3n/c. c 
©:^-cBtjSj?ti/c^ig«> ^i>&< <t^3!¥Pa. i'A/j: 
rS8tnb5«c*5/j:t<^o - 7 0 'C^mmX'WS^ ixtd(fim 
{*. il>/j:< <!:4>IK^r^©fiaiif)EcJ:^-C*ofc. 
[0 0 3 1 ]|SkC?!l2 

:$msim-c&mofcmmi,tcHommv^^^ 3 0{i© 
. mmmky'i^- k c h oama^r^ftT- x^-v&tc*) 

4-6X10' ©*ffliaSc(C/j:SJ:'5«C. J$«fiS?:3 4 
•C. 5vra*9 5%^Sv-5%^K;</XiLt:J^f«Uc. 
^«^©ifffliaii, SfiK^^^sR©!- y7-v'>©toli-c 
^«7-U- h*^ei^r. 

Ltcm.. htcj^t^-Ct^SfflSa^r 1 0ml©h 

yXi^?«(5. 5mM©i^*y>?A. 2 5mM©h 
yx-i1f^, 1 3 7mM©ta{b:^ h y "^A, 0. 2 8m 
M©Naa HPO* • 12H2 O. lmM©i5=-Ui^T 
5>Ht^K (EDTA) > -lmM©DTTteJ:iy£0. 5 
mM©-7i^;uy^;ux;V7*-;i/7,-^'fb^ (PMS 
F) (pH7. 4) ) -CSfe^L/c, Jit^O. 05%©h 
yT'i^iO. 0 2 5^©EDTA*s#Snrt^-5. h y:5^ 
S^ST-U- h */cO 5 m 1 tO^/cf*. 

jg^yu- h*>6ejRSr&?8[*»«i)-c. 4'C. 6 0 0 g 
y7'-»Ai^^K:|^*3n5J:^tC, 5 0 - 1 0 0ml 

©h y;3^i^«?sr3iHli5t}f L/fc. s^©^'C^i9-«f*. M 

jft ( 2 5 0 mM©;^i7a-;^. 10mM©hyx-i^ 
Bt, lmM©EDTA. lmM©DTT. *ij;a«0. 5 
mM©PMSF (pH7. 4) ) -cmmM^iifc. #r> 
^Oi^to-lf^nfcl 5m l©F'?>;^5^■^:S^:^>^■«f- 
(Dounce homogenizer> Wh eat 
on Co.. Milliville NJ)?r30 

h3!»5is!j»§n/co en/c^^^'^^y'^^- Hi. T<-tc 

ife?n> f*©«iiaE£^^>iii©/c«t>tc. -so'c-cirjas 
n/c. 

[0 03 2 ] ^ifetfll 3 

glM^©M3^ 

igj?:. 3 0'cvm<mmvtcm.. n<.ticm^^tc. c(oms& 

1iOTHH?'«J=£4'C. 5. 0 00 gfl S^Wja-t^^-JSl/ 
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mmm-cmm i^tc^k. 5 f- ^ > k r ^i^*-r s /cab 

t i> tc^ic . ^S©T*^ 6 JBK: ; 1 0 mMtD h y 
(pH7. 4) *$tr2. OM<D:^ifa~xm&. 10 
mM©H;;=^-6^®! (pH7. 4 ) 1 . 5M<D;^ 

pu-:^mm. 1 OmMCD h y ;^-it® (pH7. 4) 
5r^trl. 3M©;^i'n-;:^ig^5:3 : 4 : 4©f*Si:k 
(v/v) -cmtcLtc. C<D:^i7 0-:^im<O±i:, 9b 10 

C<3D5ef4*4*C. 9 0. 0 0 0 g (Bee kma nttS 
W2 SP-'S'- (r o t o r) ffifli^Z 3, OOOrp 

m) -c 1 5 o^w®M'!:>^BtL./c. e»'l:^»st^^. i . 

3M-1. 5M©xi7a-;^?gi«©WH<t. 1. 5M- 
2. 0M©Xi7Ci-;^g®cr>|?M*i6. /Ma<*S|J:3'=&^ 
eti/c. iHlJRLfc/M!a{*g|J^^3^»»?iliW?K (5 5 
mMCDh 'JJ^-i^K. 5mM©i^Mvi/';^S''i7A (pH 
7. 0) ) TSIS^L/c^, 4X;. 9 0. OOOg^C. 4 
5^M. fc^-gQffiiS'C^^lltO/t. iB^iC^^3•«^J. ntc 20 
/JMatW)Zt«!^?:> 5 0 - 1 0 0 M 1 CDS?j»i^«?g ( 5 
mM© h •Jxdry-;UT5 >. 2 mMOD TT4jJ:y^2 
5 0 mM©Xi' D-X ) tC^J!?$ -B-yt. 

[0033] nmmmmcimhfuhfm^. K-f^ 

m^i'VT—t' (EC 3. 1. 3 1. 1 ) -rS&SO 
T> n&RNA^m^Ltc. -5$f)> 0. lml©/h))a 
^^^*/cfJ12. 5mM©^'fb*;Ui^'i'Aj§M8 M . 
1. *jj:iyf6 0un i t©:/F'J'«ffi3?i"Jr— 

jntr 2 0 'CTS o^3-rajs:i£;-r2>c itci-^-ciOiSL/ 

tc 3 0 ^^ik. 0. 5 MO EGTAmmiyHmti-h V 30 
•i/A ; NaOH-CpH7. 5tCiSISSSnTC»€>) 2. 2 

r?ffii*^r^i^ L /c®> - 7 0 •Ci^mmv^^m btc. 
mb-cmmiyfUo 

[0 03 4]||S6tW4 

jiMt^^jy^-h mmnm&vi^m) ii^^=i>i'i^i^<D^ 
m 

^m2(D. ^mumstifcmmvjmmw^i. 3o-c 
vMmmmCMk. 7KKgc»/c„ co)mmfnmmm^ 40 

4'C, 5, OOOgriS ^^'C^^MLtc, S?73© 
5 . 0 0 0 g ^©ja/Cx^lim. t A i'©±}t*s^* $ 
'^U-:' h©m?ife©gP^ (±553^© 1 ) *5d^fi© 

±itrtr#!^.® 3 n/c. J; < m-iitcik. c omt 6 m 1 

(Cl OmM©h (P H7. 4) *^tf2. 3 
M©;^i'a->^^fflfi&asttll/-C. ±t^mi&<OXi;x3-:^ 
i^ifil. 4M{C^c-5J:^{CL./c. CCKNaz EDT 

A<Dm^m&i>^ 1 mMtcnt 2) J: ^ ocasflnc/ta. J: < S 

■Ifr, SW2 8 ^a-:/ (B e c kman) (CAn/c, 

c©ji^?K^®ji'C^^fiistcAnfc. -e-ur. ■?-©±* 50 
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1 4 m 1 © 1 0 mM I- 'J X -g^^ ( p H 7 . 4 ) ^^tf 

1. 2M©:5^i'a-;3;?§?g-c, 8m i ©i o mM h y;:^ 

-i^^(pH7. 4) *^tfO. 8M©Xi^D-;^^fK 
r. micmtcLfcik. 4'C (B e c kma n SW2 8 D 
2 3. OOOrp mV) . 9 0. 0 0 0 gt? 1 
5 0^iaM'C^^3-l!tUfc, 0. 8M-1. 2M©:^i'P 

}4MS©/h$!5:7A:K:J;^-C. ft/hRB©* (^1.5 
ml) » 6nfc. . C ©iWX 3>ifc zf)[^V>W<D^i: 3 It 
©*6«R«aB?K .( 5 5 mM©> V :^ -mWt. 5 mM©i^® 
•^{f^^'^'^JA (pH7. 0) ) ■r-#f?L'fcf*> 4°C. 9 

0 . 0 0 0 g-c4 b^mmm'C-^mvtc. m-&'\>^m^k 

W^htifc:^tl't>f^<DiZmii:. 5 0 - 1 0 0 u 1 ©If® 
^flS (5mM©h 'Jx^fy-;UT5>> 2mM©DT 

T*5j:cK2 5 0mM©x^a-x) -cmmufc ?cfmm. 

mmiC^i-f S-S/dil. 5 0 <i 1 ■r-:J^BX'3 or^#s« 
r^^ftL- r - 7 0 'C^mm-cwm Lfc. C © J: ^ {c<*a 

t/£:=^;^i?^^qg^gtt«effl®i^^c3 o-cv^mfmo-cm 
mbfc. 

[0 03 5 ] Ili60!l5 

m<omm 

mmm2 (D^^mumstitcmmwmmm^ 3 0 -c-cji 

•C. 2 5. 00 0 g-C3 0^rajS^C^^IIlL'fc. ±?t?:^ 
*L-CiR>5 X 1 0" ©*i8a^*/c«3 1 m 1 ©0. 2M> 
U >®* U ( p H 7 . 2 ) ■Ci*!e«J*^jBS 

•Sfc. C:©«g?K*6. 6%(Df^P.\-v>TbOO (P 
hamacia Biotech)<!:6. 6%(v/ 
v) ©Jj<y J.5'U>^'^y=i-;l'3 35 Q (Fisher 
Scientific) ©iS^^ift^fc ii^f 0 . 2 
Mn y>K*y '^'.i.*$^/c. 2tB3^ (t wo — p h a 
sesystem) (D±icm^fc. cn^4'C-C^±l,c 

u-^tctk. 4 'c. 1 , 1 5 0 g 5 ^lffla'l:^»{St u/c, 

C©J:^«:U-CJg3&i^llt3n4<!:. MI)lail^^fi«:$^ 

■ct>.s±ii?:i5iitxL/r. 1 m 1 <DmmMx-mw.L, 3' 
0. 0 0 0 g. 1 b^rnvm^'Ci'^motc, ':^'C^^m 
a. mcmmm<otksm^ 5 o - 1 o o u i ©i? jSiSffi 
jg-cs^ 1/ /c. 5 0 M 1 -r-o^m b , e^-c,tii* o 

r, -7 0*C?ft»)*-C«'SL'fc, C©J:^fc{S«L,/c3 
Jl/^;^^?St3:«Efl9©B««: 3 0 °Cr-SjE«Si« Lt^e^ u 

fc. 

[0 0 3 6 ] ^]tefi«l6 

^SCC J: -SEP 0©^^©/c*{C . fc: h E P 0©ae^ 
?:^^t?l>5•<^'3^-©P 64T-EPO(Boiss 
el.J.P. .et al., j.Biol.Ch 
em. 2 68:15983-15993(199 
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3) ) mt-i2'>0M.=s:mmr^m^-c-^^mx-nm 
b-c. ^*fflfai£a«*S(D^«t trffifflufc. mam 

Rst-m^it. i' r- -fe'-c^s u 5 3 %ommn 
ffi^ (RRL) i. ^(D^(D&:i^mr£mm.^c>m.i^m 

ttWiWLU : 1 7 mUCOif UT^> 'J 4 8m g/m 10 
1 (Di'UT9'>7*;^7:t^:f--fe\ 40mMCDST5 
yiS, 2 6 Ou n i t s/m 1 <DSP6RNA'-J<yy^ 
— fe\ 7 5 usr/m 1 CDiB^7'-5;^5 FDNA, 1. 8 
mMCDATP. 1. SmMCDGTP. #lmM©UTP 
*JJ;C>'CTP, 5 0mM<Dg^K;<7y't7A. 3. 6 mM© 
ff^-T-i/^^^-^A^ 0. 4mM<D:^^)\' = iy>, 4mM 
©Hepes/KOH (pH7. 3) . 1. 600un 
i t s yva ] <D <} ^ 'J r--^m^M. 2. 7mM© 
DTT> 9. 5mMO-^5>. 5 7 m 1 /m 1 ©^-^^Jff 

[ 0 0 3 7 ] m 1 {C». ±^L/i::&lft«:J; DUKI^^iEtlS 
3n/cEPOiffl»l?^^$nTt,>!&t,»EPO*. SD 

po^TTj^r. ^iR^si^tPMa^i8al^©■7i^-:^'J-©^ 30. 
M«. ^$n/cEPO©^s©«sn*sij»L (u- 

[003 8 ] ±M<Dm.mk. «iS#»njSic.©fc46«cgRjra 

%© h y h >x - 1 0 0 €rSiE?RK:as»no-rma-c i o 

^rafeSL/cf*. iS3ti/cEP0=&EP0i!t$M«J(C 

[003 93 S2.». iim©iNBIBJg«:^tc Jc^-CSSi* 

$ n/c E P O i . *^?g©*sefflSa%:^fflf?SfSI$?* JC J: 40 
-? T Mil 3 n /c E P O © -5 i ;^ 5* > a ^. f- ^ > i/©|g 

S n/c5feiHBIS^^ffi-C^ Ufc E P O ^«-r. 02*^ 

3j£^Hj©:^ffi-c^jg3nfcEPo«. tK*©«Biias 
«ffi-c^ffi3nfcEPOiBli;^fi-r*[3. 3:/c. E 

[ 0 0 4 0 ] 0 3 mi^mX'fmiytcEF 04:i- 
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S*?, S3«; EPOJC#»a3nfciB#K©fl|i*355^^i& 
EP04> U->2iU">3». JiiRf^{iil(ti*i^A3 

ti/c. iiiHBiasis'?«^^ifsa^*s^t?*E?nfcEP 

^i*-Cijg 3 ti/c E P O *»^Bflff^F -CjiaS L/ciii: 

*4?r. u->6». Miffli!as!i?ai<sfi(iiaiSM*iiat?* 

jSSnifcE PO«:«^»faE3RH-C^l!SO/cS*4«rjnr. 
fR^$tifc«)©{cJ:Si> *!^^99ffitt?:}^-^EPO 
». i|«Rflfjt*sffi^llr*^>. C©J:5^cjt^S©!il« 

St. ^6n-cc^^..^3A>e.< fmimmmm'S^ 

JS5itt4Jt-:>Ai> ll^»fSE*F-Ci*W6n?>©-C. %± 
[ 0 0 4 1 ] H 2 i- 3 ^C^nUfcigl^*^6> *:^BJ©:)^^ 

(ci ?,^feffliasjiRai^^i$saK5fe^r^«sn/cE p 

0». i!ilia^«-«T^K3n;fcEPOi|5li;«Jg€:Jf^ 

[0042] K©oJ;S{fc©/i:«6tC> JSf&il^i^ia:, 0 . 
5% h'j h> (T r. i t o n) X - 1 0 0-CiSSSn 

r. EP0©*V5'0>-:^-JbJaf*r. ^MSWtC^^tS*! 

tc ( i mm u n o — purified). 
[0043]-:^, EPO^^ts. ^Uhtcm^i:. U 
V*)\>f'< >if (refolding) H&WL (B.OmM 

(o V >m~7i<mi- hO'^J^, 2% ( ) ©^ -i? ;u 
•t^;^^'>>s^:^ h "^A. 40wM©^ii3) ViWS\h 
xhy*)Vf^>if (refolding) Sit*/c^. 

EPo*«*g^<iLfc. ^mi^tcEPoosLm^mm. 

[0 0 44] *SSnfcEPO©-f>b-hPffi14{a:, 1 
0%©J^Q.^gf?:S^t?l'»■&RPM 1 l 6 4 0©^Jft (K i 
tamura, T. et al.. Blood 7 
3:375-380 (1989)) r^^L-fc, EPO 

fi!c#i4&st hmffliax F - 1 (D^sxmmuc. 
[0 045] -r>fcrsj^«^ii. ti--}\,Y^v^-<}ynWi 

(Goldwasser. E. and Gross, 
M. . Methods in Enzymol. 3 
7: 109-121 (1975) ) K:J:>3*X5Cpjfil» 

[0 04 6] #aiJ5£fit«. m'iU^^ (p a r a 1 1 e 
1 line assay) (Dunn, C.D.R. . 
and Napier. J.A.P. . Exp. 

Hematol. (N. Y. ) 6:5 7 7-5 84 

( 1 97 8) ) (cjiosi^ofc. oiD. im^h-tc^ 

9 L . S«!l5e*/t 0 2 gO^^^i? > h otSft 
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1/5 6 0K:s&iKL'fcEPO©l«if4{c^i*iri>SS© 
[004 7 ] ^!^^wrgtt5^*ftc«, m-aBgs«a«» 

Ss {VYiQ second Internationa 

1 Reference Preparation){C 
J;OiSaK:»ti!{$nfcil#;«.t > EPO ( r e c omb 
inant human EPO. rHuEPO)?:^ 

Sn/cEPO^rr Hu EPOiitS^TSi. 5tCC^R|«iilia 
JifR^^SPSaW^Mffi-C^ U fc E P O *i . ffflffS^S 

•C^mL/fcE PO©1«jt<i:RH;-C*>-p/cC iT&i^^air 

i^MOlaHl^-C r H u E P O iSfW tfc. 
[0 04 8] Il*6f!l7 

i^ga w^eatcA & e p o<d^ 
mi^^w^m-o E p o j&^^r 4 fcfttc . t h e p 

0<Dite^ (cDNA) *^^-Ct,^■2)'<i'*- . 
5K)(D. p6 4T-EPO*. m-bi^'?A?:3fiJfflL 

[004 9 ] ^rUteWO-f >tf h PlK^SfStC^ + 1' v 
r^'^S C mG (5" ) p p p (5' ) G) =SrmRNA 

+ --r A 0 /t m R N A ^r^Mr^ffl L- fdSi^ 30 

CD«^*V Saa^fiaSi;£:K:ie»^rmRNA(Dfi*ii!>/i 

«:^*iJ-C*-5*^ mRNA^e^ifflffi-C, lE^SlS 
{c J: R N AOD^Mfc ii^3!i='K:g^t'». 
[ 0 0 5 0 ] 1- «^ T-^jg^ipA 1/ i&C W > bf bO^^ 
SJt>©S3iS^f*»«T© t*s<3-C*^:40mM©h'J 
;^-:teM(pH7. 5). 6mM©^S^bvi/;^ix■)A. 
lOmMCDDTT. 1 mMO^^^SE ( NT P ) . 100 
0 u n i t s /m 1 O y y T— b'PlWSfd. 2 iqM 

(d;^^jI'5 i. o o o u n i t s/m i os P6 4o 
RN AM^^^. 1 0 mM©JeYt:»- V y -t? AteJtCXO . 
Img/m l©]Sl!ODNA C/^XS K) . -?-0-C. 
^^'j 7'1tjt<DJSA©fc«?)©-^ > f b Pl£^Sl£;©S3i 
^ 1- (cap analog) 

•r*>S : 4 OmMOh y;^-ieK (p H7. 5). 6m 
MCD^fe'^bvi^;^->'^7A> l OmMODTT. Sl mMO 
ATP. CTP*5j:y^UTP. 0. 5mM®GTP. 1 
0 0 0 u n i t s /m 1 ©y !j<5? i; y r— ^PISSII. 2 
mM©;^-^;l/5 1. 0 0 0 u n i t s/m I ®S SO 
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P 6 R N Am.^mWi<Dmti- V')0J^. O . 5 mM©+ 
^'^fMma&WMXZfO. Img/mlCDi^DNA 

[0 05 1 ] S^5fS©/c«?)(CU±tDfi£^%ii^-r.5. i 
'Bt,4iaa-C«X'-<Jl'5i^><LDNA*Sftzfr-2)<D 
cne>©WOtt,IBl«JC!?J^^S:l»±-r5A:*tC, DN 
A t^^©-r '<t-0^^^ii^ > 3 7 -CT* 

7°C■C4B#M^^f tfc, ^fiESnfcmRNAtt 

CCDaaj?gf<:PS<D5Mi^{ty?'i'A7K^ffi=S:»n^. * 
tCl^ra&gL/TmRNA^jURB^KlzmS-ti-fc. tti^ 
^nfcmRNA^rBJR-rSfc&fC. 4-C. 5. 000 g 

-CI 5:^9■fflS'C^^«L//c^. 'i^htifcnmrn^i b% : 

(v/v) <Dx5fy-;U-CStSft'> RNA^SgSE^J&iJfe 

[0052] m.w-^m¥i^^mmmmi^f»wB's 
c .mwimmmmmmmp^-^iy-i- y - i ». mmm 

£n-;Us;'^i«fflBaMcDPl^!|a*.«li*^?>. 
[0 05 3 ] &IcM^mtiHri><D^-^ts : y T - 

Hf-ciarau/c5 3% (v/v) ommm^ (Rr 

L). 1 7 mMCDi? brg'^y >M, 48/ig/mlO 
i'UT?'^:?*;^ 7*^:^-42. 4 0jixM©gT5^ 
30 M g/m 1 CDmRNA. 0. 8mM®ATP. 
0. 3mMOGTP., 5 0 mMOflfK* y A. 0 . 5 
mMoMWt^i^^iyO^. 0. 4 mM©x--iJb2 
4mM©Hep e s/KOH (pH7. 3). 1. 60 
Oun i t s/m.l©y*K5fi'yr— feflfi^SiJ. 2. 7 
mMODiDTT, 9 . 5 y MCD-^ S >*J JrO'S 7 At g/m 
1 ©^B=FS*^i*t RNA^g^i^rabS. J':Lh^rJ:< 

igiffcjg^^?: 3 0 -ere o^KSJE&br. gaa^e£ 

[0 054] C<D«t^{C*fiL/cEPOfe, llfiSlJdecD 

:;^-c*iii L/C e po iin D«ii* -pc t i)m 4 e. 

u-> 1 imwrnm^^msmf^-^iy-i-'j - 
• ©^JD^c UT. «{iffliagaa*j^?*-c4^ L ?c e p o 
u->2iiSf?t*«ifi$*^iiA3nfciK^-SiR;#^ie 

mmwi^kimmen^mm-c^m u /c e p o 5:^t. o 

$0. |ISM^6®lll3©U->3©EPO<b2t^i6fJ© 
0 4 © U - > 2 © E P O *5 PI D -C * 4 C i 4 . 

[0055] ±BB©jgiE®. «iss{-ranKcE©/ciii>cc^j]n 

Lfc^f5-^ft*^-r/c«?>^C. 0. 5%©hyh>X-l 
figs ti/c E P o E P o i ^^micm^f ^^eyi^u- 
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5:^^■CCi•^.^fiL/fc?g^^. y ^^^Uf^^ (r e 

■ja: 2% (v/v) cD5'■^•;;^-9-;^3^^>K:^ h 

1 0 0 5 6 1 ^siLfcE p o(o&mmm^it. mmm 

6 cfc p] D:;^i*-CffiiJS b fc. - r H u E P O i tfci? L/ 

l^'KTSttJ&s r H u E P Oi!S<HL/T:«,»fc. 
[0 05 70 HjfiFdS 10 

Ltc-mHC J: ^ E p o g>^ig 

*{C. 0; 5%©h 'J h>X- 1 OO^rSl&SKISJIin 

- ->T y 5 tifcirmicj:. *) ntc ( c a 

vail e SCO. R. and Pereira, 
M. E. A. . J . I mmu n o 1 . 14 0:6 
17-625 (1988) iPrioli. R. P. . 

e t a 1 . , J.I mm unol. 144:4 
384-43 91(1990)). 
[00 5 8] '>T)im<0^^^ (donor) icit. 
0, 2 5amol©2. 3-i^Ty;U^f 30 

0. 5 y g/m 1 ©h-5>X-->T'JiS^— b'5 w 1 
.^rijn^fc. ffilSb/cm. i«ife^**L./cEPO©JS^«2 
5-5 0 iLig©EPO*0. 25Atmol©2, 3-i^ 

T-fe5^;UVW^ 5>M*5^Stl/c40 M 1 
/«Ssm«i® ( P H 6 . 9 ) iC^i»Ltc^, COCO. 
5 n gym 1 CD h ^>>^-->T 5''— fe* 1 0 y I 

fc, c©J:^{cjsic;?S*?»«Ut:. 3 0'C-ci8^raP 4o 
=S:mm L fc^ii^-c, i^T s e. (c#*n s n/c e p 

[ 0 0 5 9 ] ^JiD^cE P ©©sgil^iSi^TJl/K^^^^ra 

(Scudd e r. P. . et al. . E 
ur. J. Biochem. 168:585-593 
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. ( 1 9 8 7)) iCcfci^^WL/.- ^^^wrgtt». mmm 

tJ. 0. 2 5mmx 3 0 -mii^ ( f u s e d) e^';* 
DBS =^^1' fc"^ ( J &W Scient 

i f i c) -vmmsritc.. t*-^-^ f- ^N-f*-Fa 

CD5 8 9 0 A+f t'^ y— if:^ i7U-? h if'^y ^ ~ 

■c^mstifc. ^c-cu. 5^<Dm^mm<Dtk, 2-0/ 

^(Ol^-hX: 15 0X;*>62 3 0-CCCjaK±^ (ra 
mped)$*a/c. Y'yl^T.-iyr^) ^—^•vmMhtc 

EP o». '>T-'i'BJo^*n o^itjmu. *fe!^^e^rs 

t4«> 1 5 9^tS*nbfc. -:>Sf3> ^J*iEPO Imo 1 ^fc 
i^T^l'®?*^ 1 1 . 9mo 1 jJpe. 1 3mo 1 tCtiJjPL/ 
fc. . ■ 
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